Background The recent decline in US breast cancer incidence rates has been attributed to the marked reduction in use of postmenopausal hormone therapy (HT). An alternative explanation is that women who are not routinely seeking medical care to renew HT prescriptions may be less adherent to recommendations for mammographic screening. To investigate the latter possibility, we compared mammographic intervals according to HT use. Methods Using data (1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007) from the New Hampshire Mammography Network (NHMN), a state-based mammography registry, we assessed mammographic intervals corresponding to HT use or nonuse among postmenopausal women. We used linear mixed effects models to assess whether the length of screening mammogram intervals differed according to HT use.
Introduction
The results of numerous observational studies have shown an association between postmenopausal hormone therapy (HT), particularly combined estrogen plus progesterone preparations, and increased breast cancer risk [1] [2] [3] [4] [5] . In 2002, the results of the Women's health initiative (WHI) clinical trial confirmed that the use of combined regimens in postmenopausal women was associated with increased breast cancer risk as well as other adverse outcomes [6] . The highly publicized findings led to an immediate decrease in HT use in the United States, with estimates showing that up to 75% of women stopped using this medication [7] [8] [9] [10] [11] [12] [13] .
In 2003, breast cancer incidence decreased by 6.7% in the United States, with rates leveling off since that time [14] [15] [16] . Studies in the United States [9, 12, 17, 18] , Germany [19] , and New Zealand [20] suggest a link between decreased HT use and declining breast cancer incidence, but lower incidence rates have not been seen in Sweden [21] or Norway [21] , despite a sharp reduction of HT use. Data from Canada [22, 23] suggest that a decline in breast cancer incidence began prior to the drop in HT use and was significant only in women 75 years and older [24] .
Of the few studies assessing the influence of HT use on mammography screening, one analysis based on screening data from four mammography registries found similar median screening intervals in women using or not using HT [18] . Also, an analysis of the Nurses' Health Study restricted to women with prior screening showed only a small difference in the percent of HT users (93.6%) and nonusers (88.7%) who underwent subsequent screening [25] . No studies to our knowledge have explicitly sought to relate HT use with the length of screening mammography intervals, particularly in the same women, as they change their HT use patterns.
In 2008, an estimated 182,460 new cases of invasive and 67,770 new cases of noninvasive breast cancer will have been diagnosed with 40,480 deaths occurring from this disease in US women [15] . Mammography is the standard of care for breast cancer screening. At least six trials have found a 20-30% reduction in breast cancer mortality attributable to mammography screening in women [26] [27] [28] [29] [30] [31] . Thus, it is important to know whether decreasing rates of breast cancer in the United States are real or an artifact of reduced screening and detection. To address this issue, we assessed screening intervals in a large state-based mammography registry. Our goal was to test the hypothesis that nonuse of HT is associated with longer intervals between screening mammograms.
Methods

Study population and data
We used data from the New Hampshire mammography network (NHMN) to assess screening intervals corresponding to use or nonuse of HT. Briefly, the NHMN is a state-based mammography registry consisting of more than 955,000 mammograms that occurred in New Hampshire since 1996 [32] . The NHMN records mammographic findings and provides linkage to pathology outcomes. Risk factor information, including HT use, is recorded at each visit through a self-administered questionnaire and a faceto-face interview conducted by the radiology technologist. The NHMN consistently has a consent rate exceeding 85%. Indication for exam is recorded by the radiologist for each mammogram, and was used to distinguish screening from diagnostic exams.
For the present report, the main analyses were based on consenting women with at least two postmenopausal screening mammograms from 1995 to 2007. Postmenopausal status was defined as natural menopause or bilateral oophorectomy as recorded on the radiology technologist form. Women with a mammogram at age less than 40 were excluded, as were women with a self-reported history of breast cancer, breast augmentation, or breast reduction prior to having two postmenopausal screening mammograms. Data for six women reporting C17 mammograms were removed. The majority of women (62%) in the study population had four or more mammograms.
Analysis variables
The unit of analysis was the interval between a pair of consecutive screening mammograms. In order to classify mammography intervals according to HT use or nonuse, postmenopausal women were required to have at least two consecutive screening mammograms for which HT use was recorded. A screening interval was classified as HT positive (HH) or HT negative (nn), when the two consecutive mammograms corresponded to use or nonuse of HT, respectively. Discordant pairs representing transitions in HT use were those in which the first mammogram was positive for HT, and the second was negative (Hn), or vice versa (nH). The outcome of interest was the median length of intervals between the pairs of consecutive screening mammograms as classified by HT use (HH, nn, Hn, nH). Each screening mammogram could define more than one consecutive pair. For example, in the setting of three consecutive screening mammograms, the middle mammogram would define the end of the first interval and the beginning of the second.
Woman-level characteristics considered as covariates and taken from the self-administered questionnaire included age in years, educational attainment (8th grade or less, some high school, associate degree or some college, college or postcollege graduate), marital status (single, separated, divorced, widowed), and family history of breast cancer (in first degree relative; yes or no). Covariates taken from the radiology technologist questionnaire included previous breast procedure (fine needle or cyst aspiration, needle biopsy, or surgical biopsy), and abnormal mammogram based on that exam (positive pathology, negative pathology, negative final assessment, unresolved). We categorized abnormal mammogram by Bi-RADS Ò score as follows: positive pathology, 4 or 5; negative pathology, 3 or 7; no pathology and negative final assessment, 0, 1, 2, or 3; unresolved, 0 or missing. Positive pathology was determined by the overall Bi-RADS category after followup. Woman-level characteristics were attributed to a mammogram pair based on information from the first mammogram in the pair, or (with the exception of HT use) forward filled as necessary. We searched forward 90 days from the date of the mammogram to capture pathology and final assessments. If a woman had an abnormal mammogram with positive pathology, we excluded from analysis all subsequent mammograms starting with the abnormal mammogram, due to the likelihood that a positive mammogram would influence women's screening intervals.
Main analyses
The average screening interval was compared for the four types of intervals (HH, nn, Hn, nH) using a linear mixed effect model with random intercept for each woman to account for the multiplicity of intervals for some women, as well as an autocorrelation structure (AR1) to model the correlation of adjacent intervals (which was slightly negative, -0.07). The analyses were done with and without covariates: family history of breast cancer, educational level, marital status, age, self-reported breast abnormality, and abnormal mammogram at the start of the screening interval. Calendar time was additionally added as a covariate in a separate analysis. As a complement to these analysis that are based on HT status at the beginning and end of the interval, we used Kaplan-Meier analyses for recurrent events to examine time to the next screening based on HT status at the time of the beginning of the interval. This analysis used the right-censored information from women who were only screened once, as well as the interval of time from last screening to end of study for all other women.
Ancillary analyses
In addition to the analyses described earlier, we also conducted two subgroup analyses in which women served as their own controls, thus mimicking a crossover design. In the first subgroup analysis, we examined screening mammography intervals in postmenopausal women who had at least one pair of screening mammograms positive for HT use (HH) and one pair negative for HT use (nn). The second subgroup analysis was further restricted to women who had at least one HH interval and one nn interval after the dissemination of the WHI findings (i.e., after 31 July 2002).
Also, because women who had only one screening mammogram in the registry might differ from those included in our main analyses that required women to have at least two screening mammograms, we used methods for right-truncated data to study the association between HT status and time to next screening [33] . Specifically, we subtracted the interval from the time between the start of the interval and the end of study to create left-truncated data for which we used Cox's model for left-truncated data with a random effect, i.e., gamma frailty, of women.
Results
The characteristics of 76,192 postmenopausal women who had at least two screening mammograms in the registry during the study period are shown in Table 1 . On average (median), the women were 61.8 (63.5) years of age, the vast majority (91.8%) had completed high school, and 29.3% had completed college. The majority (69.5%) of women were married. About 30% of the women reported a family history of breast cancer. The minority of women (20.0%) had only two screening mammograms, 30.0% had 3-4, and 49.0% had at least 5. The women had a total of 310,185 screening mammograms in 319,353 person-years of screening. After excluding 2,866 mammograms (0.7%) due to positive pathology related to that exam, 310,185 mammograms (76,192 women) remained available for analysis.
Overall, the mean and median lengths of screening mammographic intervals were similar regardless of HT use status ( Table 2 ). The median (interquartile range; IQR) interval was 13.0 months (12.4-15.1) for pairs corresponding to HT use, and 13.1 months (12.4-15.8) for pairs corresponding to nonuse of HT. Adjusting for covariates did not result in notable differences from crude estimates (Fig. 1) . Using Kaplan-Meier recurrent events analysis at the woman level, we found a similar proportion of women returning for screening mammography over time between HT users and nonusers (Fig. 2) . In subgroup analyses confined to mammograms of women who had at least one pair of consecutive mammograms corresponding to HT use and one pair corresponding to nonuse (n = 60,344) (Table 2), the median (IQR) interval was 12.7 (12.3-14. 3) months with HT use and 12.5 (12.3-13.8) months with HT nonuse. Using the same approach, but limiting the analyses to mammograms occurring after July 2002 (n = 1,873), the median (IQR) interval was 12.5 (12.3-13.7) months with HT use and 12.5 (12.1-13.6) with nonuse ( Table 2) . We also examined transitions in HT use over the study period. The median Hn interval for screening mammograms among women who had at least one pair of HH and nn intervals (n = 99,918) was 12.7 months, with the 95th percentile at 25.1 months (Table 2) . We found no indication that the length of a screening interval was appreciably affected by an interim diagnostic mammogram regardless of whether a woman was using HT (median months: 13.8) or not (median months: 13.6). As expected, mammography intervals were generally shorter when one or both mammograms in a consecutive pair were diagnostic, but the interval length was not influenced by HT use. For example, the median number of months between two consecutive diagnostic mammograms ranged from 6.3 to 6.4 in all four scenarios (HH, Hn, nH, nn).
In the separate group of women who had only one screening mammogram in the registry, we compared the length of time elapsed between the single mammogram and the end of the study period. The median number of months elapsed for women using HT (26%) or not using HT (74%) was 98.5 and 91.2, respectively.
Discussion
In this population-based study, we found similar lengths of mammographic screening intervals corresponding to HT use and nonuse as reported at the time of the mammogram. The average difference in mammographic interval for the two groups was less than 1 month. Importantly, the vast majority of mammograms ([95%) occurred within the 2-year period recommended by US Preventive Services Task Force guidelines [34] . These findings strengthen the evidence that the relationship between declining HT use and decreased breast cancer incidence is not explained by reduced use of screening mammography.
Breast cancer incidence rates, and in particular rates of estrogen positive tumors decreased soon after the dramatic decline of HT use that directly followed the publication of the WHI clinical trial results [12] . Although a causal relationship was suspected, it was also recognized that discontinuing HT use might reduce adherence to screening mammography [12, 17, 18, 35] . To date, only a few studies have examined this possibility. One study based on a screened population represented in four mammography registries for the years 2000-2003 demonstrated concomitant declines in HT use and breast cancer rates that were not attributable to changes in mammography screening [18] . Data from Kaiser Permanente Northwest showed parallel trends for HT prescriptions and breast cancer incidence rates from 1980 to 2006, including an abrupt decline of both after the publication of the WHI findings, but mammography rates were comparable for the years surrounding the WHI report [17] . Similarly, a recent report based on the WHI clinical trial and observational study concluded that the decline in breast cancer incidence following HT cessation was not due to reductions in mammography screening [35] . Evidence from the WHI clinical trial, in which the frequency of mammographic screening was comparable per protocol in both arms, showed that breast cancer incidence increased with HT exposure and decreased in the postintervention period [35] . In the observational cohort study, the recommendation to discontinue HT use was followed by a 43% reduction in the annualized breast cancer incidence rate in the group of women with hormone use, whereas mammography use decreased by only 2%, a reduction insufficient to explain the decline in breast cancer rates [35] . Although these findings offer important evidence that reduced screening was not responsible for post-WHI declines in breast cancer rates, women participating in studies may be compliant with screening recommendations, a possibility that would limit the variability of screening intervals and the ability to assess factors influencing the intervals.
Our results, based on data recorded in a statewide mammography registry, should have direct relevance to the US screened population. Although our findings would not apply to unscreened women, we found similar intervals between a single mammogram and the end of the study period regardless of HT use, consistent with our main finding that HT use did not influence screening behavior. Moreover, chronically unscreened women cannot contribute to a decrease in breast cancer rates mediated by noncompliance with mammographic screening. Thus, a screened population provides the optimal setting for determining whether the decline in breast cancer rates seen after WHI was due to reduced use of mammography.
Further understanding of the tumor promoter effects of HT use on breast cancers, along with careful tracking of HT use and breast cancer incidence trends, should elucidate the large-scale trends to date and going forward. Given an estimated 52,401,000 postmenopausal women in the United States in 2010 [36] , the public health implications for both HT use and breast cancer are enormous in terms of morbidity, mortality, and costs. For individual women and providers, weighing the risks and benefits of HT use can be complex and deserving of more evidence upon which to base clinical decisions. Health care systems and screening populations need rationale recommendations that account for competing risks in women's health status.
